Supplementary Discussions
Charge density estimation. The number of monomers in the accumulation layer has been estimated considering the molecular weight of a single monomer (986 g/mol) and the density of the polymer (ρ = 1.1 g/cm 3 ). If the thickness of the channel is d = 2 nm, the number of monomers per unit area of the accumulation layer is N m = 1.3 x 10 14 cm -2 . The charge superficial density has been calculated from the specific capacitance of the dielectric layer (C = 3.4 nF/cm 2 ) and the applied gate voltage (V g -V t = 25 V) to be N c = 5.21 x 10 11 cm -2
. From these values, it follows that in the accumulation layer there is, as a first approximation, one charge every 244 monomers of the polymer.
Signals measured by p-CMM.
What it's actually collected during the scans in a p-CMM experiment, with the photodiode, is the power of the probe light that, in each pixel of the map, is transmitted through the sample (see Supplementary Figure S2 ). This signal has two components:
a DC component, that is the "usual" transmitted light intensity (T) through the sample and would be the only signal present if there was no modulation applied to the gate of the transistor; from this signal the OD value is calculated as described in the next section. However, since a modulation is applied to the gate electrode, charges are periodically injected in the device and accumulated within the channel. These charges modify the transmission of the semiconducting film as the charged molecules have different optical transitions with respect to the neutral ones.
The effect of this modulation on the transmitted light is very small (the modulation is about 10 -4
with respect to the baseline DC signal), therefore in practice it does not modify the transmission (T) signal. However, it is possible to extract this small AC component, which has the same frequency of the gate modulation, by means of a lock-in amplifier. The amplitude of this AC component is what is usually referred to as differential transmission (∆T) in CMS experiments.
The final CMS signal is then given by the ratio ∆T/T. After a p-CMM measurement we thus end up with two images: the map of the OD signal and the map of the CMS signal. As explained in the main text, while collected simultaneously, the two maps give fundamentally different information. The OD map is related to the absorption of all the bulk of the material, and thus it conveys information on the mean morphology of the semiconducting layer. The CMS signal, however, arises only from the charged molecules, which are all located at the dielectric interface.
So, the information (i.e. the orientation of the polymeric chains) obtained by analyzing the dependence of the CMS signal on laser polarization, are not relative to the entire semiconducting film, but reflect the morphology of only the charged molecules, which are a subset of all the molecules present in the accumulation region
The p-CMM setup is also able to collect local spectra of the CMS signal. In this case, the sample is kept fixed in a position and what is scanned is the wavelength of the probe light (the whitelight supercontinuum laser is filtered with an acousto-optic based monochromator). Again, both the T and ∆T at the different wavelengths are collected simultaneously and the CMS spectra is reconstructed as ∆T/T. Local CMS spectra can thus be collected in different point of the sample or in the same point with different probe polarisation states.
Optical density maps. Extracting the value of the semiconducting film optical density (OD) from the intensity of the light transmitted through the device is not straightforward, since one has to take into account different factors than can attenuate the incident light beam, other than the polymer absorption (e.g. optical losses in the experimental setup, reflections at the different interfaces of the device, scattering losses…). To decouple these effects, we measured the optical density of a thin film of P(NDI2OD-T2) on a glass substrate deposited with the same process as the one used for the active layer in the real transistor used in this study.
The actual macroscopic optical density of the film was obtained by measuring the reflection and transmission spectra of the sample (R s , T s ) and the glass substrate (R g , T g ) in a spectrophotometer with an integrating sphere (Perkin Elmer Lambda 1050). The OD spectrum, reported in Supplementary Fig. S3 , was calculated as:
and an optical density of OD M = 0.103 was extracted at λ = 690 nm. To obtain the OD maps shown in Figure 2 of the main text and in Supplementary Fig. S6 , we hypothesized that in the probed 10x10 µm 2 region of the device domains with all possible orientations are present1; from this it follows that the mean optical density of the semiconducting layer in the probed region should be equal to the one measured macroscopically with the spectrophotometer. To convert from the data of transmitted light intensity I (x,y) in each pixel to the OD maps we then used the following formula:
where the brackets stand for the mean value of all the pixels of the map.
The hypothesis of having all the possible orientation in the recorded maps is reasonable for the case of the device casted from dichlorobenzene, since the domains have a limited extension (from hundreds of nm to few µm). In this case we have many domains with different orientations in a single map (10x10 µm 2 , as it can be clearly seen in the maps of Figure 5 of the main text) and the mean absorption of the probed area can thus be effectively considered isotropic and equal to the macroscopic one. However, this assumption cannot be considered valid in the case of the device casted from toluene: even though in this case the maps cover a bigger area (35x35 µm 2 ), we have only two very big domains. Since in this case we do not have any reliable way to extract the optical density from transmission data, we do not report the OD maps in Figure 6 .
CMS of P(NDI2OD-T2). In a CMS experiment, charges injected in a FET accumulation layer
induce variations (∆T) in the optical transmission (T) of the device which are recorded as specific spectral fingerprints of mainly two types: bleaching features (∆T/T > 0), in the regions of the ground state transitions, related to the decreased number of neutral species, and absorption bands (∆T/T < 0) of the charged (polaronic) species. Since the CMS signal arises only from excitedstate species, it has an intrinsic sensitivity to probe the optoelectronic properties of the semiconductor regions where the charge transport actually occurs, which in the case of an OFET is a few-nm layer buried at the dielectric interface.
In the case of P(NDI2OD-T2), the CMS spectrum (grey line in Figure 3a of the main text) in the visible/near-infrared region shows two bleaching peaks: the main one, centred at λ = 700 nm, is related to the lower energy electronic transition of the neutral polymer chain (it is the one probed in the text at 690 nm); the secondary bleaching peak at λ = 775 nm is not a vibronic replica, but is instead associated to a different electronic transition, due to the presence of molecular aggregates in the film 2 . The third feature present in the spectrum is a negative band, centred at λ = 850 nm, attributed to an induced absorption related, as also revealed by quantum-chemical calculations, to one of the electronic transitions of the negatively charged species 3 .
Quantum chemical calculations. The oligomer length considered for describing the electronic structure (both neutral and charged species) of P(NDI2OD-T2) consists in four repeat units (n = 4). This length has been previously demonstrated to well reproduce the electronic properties of P(NDI2OD-T2)2 , 4 and, overall, is sufficiently large for describing the polaronic effects. In fact, the typical polaron relaxation length for P(NDI2OD-T2) is around three repeat4.
A full ground state geometry optimization (without constrains) has been carried out at the restricted CAM-B3LYP/6-31G** level of theory for describing neutral species. The charged state (extra electron) has been described as the anion species (-1 charge) at the UCAM-B3LYP/6-31G** level of theory. Cartesian coordinate, total SCF energy and spin contamination of the two geometries are reported in Supplementary Tables S1 and S2.
Vertical excitations (ground to excited states transitions) have been computed at the TD-CAM-B3LYP/6-31G** level of theory. Although it is well known5 hat CAM-B3LYP overestimates the vertical excitation energies (especially if compared to other DFT functionals as PBE0 or B3LYP), it well describes the charge-transfer (CT) state character thus being necessary for the case of P(NDI2OD-T2). Indeed, as already proofed2 , 4, the first excited state (i.e. S 1 ) has a strong component of intra-molecular CT character.
However, for a better and complete comparison, in the case of the neutral molecule we report the vertical excitation energies computed with the B3LYP and with the CAM-B3LYP functional (Supplementary Tables S3 and S4 respectively), while for the charged case only the CAM-B3LYP functional is reported (Supplementary Table S5 ).
Regarding the neutral species, the main character of S 0 → S 1 transition (that is the bleaching peak probed at λ = 690 nm in the main text) is, for both DFT functionals, the HOMO → LUMO single-particle excitation, being the HOMO mainly localized on the T2 moiety and the LUMO on the NDI2OD (i.e. intra-molecular CT excitation). Despite CAM-B3LYP overestimate the S 0 → S 1 excitation energy with respect to B3LYP (more close to the experimental data), the assignment of the excitation is correct. On the other side, CAM-B3LYP properly describes the excited state transition of the charged species while B3LYP underestimate the energies due to the lack in the long-range energy screening6. Table S8 ). The active excitation shifts from 1.83 eV for n = 4 to 1.79 eV for n = 5. Even for the n = 5 oligomer case, the excited state description is the same as for the n = 4 thus strengthening our assignment.
DFT/TDDFT calculation on a molecular dimer. To gain insights in the role played by intermolecular interaction (even if it is out of the scope of the current work) and to discriminate whether the CMS absorption band is mainly due to intra-or inter-molecular excited states transition in the charged species, a full DFT optimization and TDDFT calculation has been carried out for a molecular dimer (named AB) of P(NDI2OD-T2) featuring one repeat unit per monomer.
The following steps have been carried out:
− full DFT geometry optimization of the neutral molecular dimer;
− TD-DFT calculations for the neutral molecular dimer.
− full DFT geometry optimization of the charged (-1) molecular dimer;
− TD-DFT calculations for the charged molecular dimer.
DFT geometry optimization for the neutral/charged molecular dimer have been performed at the M062X / UM062X/6-311G** level of theory, TDDFT calculations for vertical excitations at the CAM-B3LYP / UCAM-B3LYP/6-31G** level of theory. In Supplementary Table S9 are reported the figure of the optimized charged molecular dimer (AB). Vertical excitations for the neutral and charged molecular dimer AB (TD-(U)CAM-B3LYP/6-31G**) can be found in Supplementary Table S10 . Vertical excitations for the charged molecular monomer A (TD-UCAM-B3LYP/6-31G**) as extracted from the AB geometry are reported in Supplementary   Table S11 .
A full detail spectroscopic work and assignment will be reported elsewhere. However, the relevant point emerging from this investigation is that the main excitation has a strong intramolecular character. In fact, the optical allowed transition associated to the CMS band (870 nm In this frame, the orientational/directional order information derived from p-CMM maps is independent from the real nature of the polaron, i.e. whether it is delocalised over adjacent polymer chains or if it is localised over one. polarisation (θ) on a device with a P(NDI2OD-T2) semiconductor film deposited from toluene.
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